Abstract. We present a catalogue of 107 point-like X-ray sources derived from a systematic analysis of all the ROSAT PSPC observations of the galactic center region performed in 1992-1993. Besides SgrA*, the massive black hole at the galactic center, 41 X-ray sources have been positionally associated with already classified objects. Twenty are identified with foreground stars and five with known Low Mass X-ray Binaries. The majority of the sources in our catalogue still remains unidentified. They are hard and/or severely absorbed and probably represent a large population of X-ray binaries located in the galactic center region, accreting at low accretion rates, and still largely unknown.
Introduction
The galactic center (hereafter GC) region has always been among the privileged targets of many X-ray missions. The observations made over the years established that a severe crowding of X-ray sources exists towards this part of our Galaxy (see Sidoli et al. (1999) for the results of a BeppoSAX survey of the GC with its Narrow Field Instruments). Many of the brightest sources are probably Low Mass X-ray Binaries (LMXBs) containing neutron stars or black holes, both with persistent and transient behavior, while the nature of the faintest sources is unknown. Many transient sources have been discovered in the last few years, especially during the monitoring of the galactic center region with the BeppoSAX Wide Field Camera (Ubertini et al. 1999 ) and the Rossi-XTE All Sky Monitor (Bradt et al. 2000) .
The ROSAT Position Sensitive Proportional Counter (PSPC) performed a raster scan of the GC region (|l| < 1.5
• )×(|b| < 2 • ) in 1992 and 1993. The region covered is rectangular (3
• × 4 • ) with the major axis oriented perpendicular to the galactic plane.
We performed a detailed spatial analysis of these data with the main objective of obtaining a catalogue of X-ray sources in the soft X-ray energy band. All the data analyzed here have been retrieved from the ROSAT public archive in MPE. These datasets have previously been analyzed by Predehl & Trümper (1994) and by Predehl et Send offprint requests to: L. Sidoli (lsidoli@astro.estec.esa.nl) al. (1995) , but neither of these works was aimed at the production of a full catalogue of sources in the region.
Observations and Data Reduction
The PSPC on board the ROSAT satellite (Pfeffermann et al. 1986 ) covered the energy band 0.1-2.4 keV with a moderate energy resolution (3-4 energy bands can be defined) and an angular resolution of ∼20 ′′ (FWHM). The detector has a circular field of view of ∼2
• diameter. The radial and circular supports of the entrance window produce some artifacts, whose effects are mitigated by wobbling the satellite during pointing observations.
The data consist of 43 pointed observations with exposure times in the range 2000-3000 seconds, aimed at completely covering the central part of our Galaxy with the inner region of the PSPC detector. These observations were performed between 1992 February and 1993 March. We also included in our sample a single deeper pointing (47,000 sec) centered on the Sgr A* position performed on 1992 March 2. The log of the observations is reported in Table 1 .
The data have been analysed using EXSAS (Extended Scientific Analysis System, version 98APR; Zimmermann et al. 1993) implemented in the ESO-MIDAS version 97NOVpl2.0 on Sun/Solaris.
All the analysis described below was performed in four different energy ranges: 0.1-2.4 keV (channels 8-240, total energy band, T), 0.1-0.4 keV (channels 8-40, soft energy band, S), 0.5-0.9 keV (channels 52-90, medium energy band, M) and 0.9-2.4 keV (91-240, hard energy band, H).
Source Detection
We first merged all the observations to produce mosaic images (with a binsize of 15 ′′ ) in the four energy bands, using only the inner part of the PSPC detector. In fact the pointing directions were appropriately defined to continuosly map the region with the inner part of the detector, that provides the best sensitivity and angular resolution (adding the overlapping outer regions with a different Point Spread Function would degrade the image quality). The corresponding exposure images were also produced in the four energy bands.
The final mosaic in the total energy band, corrected both for the different exposure times and for the vignetting, is displayed in Fig. 1 . The corresponding (vignetted) exposure map, used to correct it, is shown in Fig. 2 .
We then applied, for each energy band, a source detection algorithm based on the following steps: shifted across the images. The total counts inside the detection cell are compared with a local background taken from the 16 pixels surrounding the detection cell itself. A 3σ detection threshold has been applied. This local detection is used to produce a preliminary list of sources. -production of a smoothed background image: the source list produced in the previous step is used to remove from the image circular regions around each source position. The resulting source-free image is fitted by a two-dimensional spline function to fill the holes and to produce a background image. A background image is produced for each energy band. -map-detection algorithm: a new sliding window search is performed, this time using the background image to extract information about the local background. In other words, for each detection cell, the corresponding background is extracted, not from a frame surrounding it, but from the background map at that position. A second list of sources is produced, again with a 3σ detection threshold. -merging of the source lists: the two lists of sources resulting from the two sliding window searches are merged together, removing duplicates in order to have a unique list of sources (in each energy band).
Duplicates are removed checking whether the distance between two sources is less than twice the sum of the size of the detection windows or less than the FWHM of the point spread function of the instrument. -maximum-likelihood method: a maximum-likelihood method (Cruddace et al. 1987 ) is then applied to the photon lists, using the merged list of sources as candidates. This method considers the ROSAT PSPC point spread function and the position of the source inside the detector and derives a source position and an existence likelihood. Only a detection likelihood larger than 10 (corresponding to a probability of a chance detection smaller than e −10 ) was considered as a true source. A final list of sources with their positions and positional uncertainties is thus produced.
This process yielded four lists of sources (one for each energy band).
The same procedure was also applied on the individual observations, this time also considering the external part of the PSPC detector, resulting in 4×43 lists of sources (4 energy bands and 43 observations). This second search was motivated by the fact that, e.g. due to source variability, some sources might have been missed in the previous global analysis.
Finally, all the lists of detected sources were cross correlated in order to clean the catalogue, removing all the sources with a multiple detection. By multiple detection we mean two or more sources whose position is compatible with each other, in which case only the source with higher existence likelihood has been kept. This procedure yielded a final catalogue containing 107 sources.
The count rates and upper limits (2σ) in each energy band have been extracted from the photon events tables at the position of the detected sources. Two softness ratios have been also derived: S/H and M/H, where H, M and S are the net source counts in the hard, medium and soft energy bands defined in Sect. 2.
The catalogue of galactic center sources
The spatial distribution of the sources detected in the surveyed region is displayed in Fig. 3 . The remarkable symmetry of this distribution, and in particular the rather uniform source density as a function of galactic latitude, probably indicates that many sources are at a distance much closer than that of the galactic center. The final catalogue is reported in Table 3 , where for each source the identification number, coordinates (J2000), count rate in the total energy band (0.1-2.4 keV), softness ratios S/H and M/H and possible identifications are reported. It is possible that a source has an upper limit in the total energy band, but is detected in one of the single energy bands. This is due to the energy-dependent background: faint sources detected, for example, in the hard energy range, could have been missed in the total energy band due to a higher background level. For these sources, the count rate in the energy band where a detection has been found is shown (and marked). On the other side, a few sources have been detected in the total energy band, but have only upper limits in all the other energy ranges; in this case the softness ratios are missing from Table 3 . In  Figs. 4 and 5 the two softness ratios versus the count rate in the total energy band are shown.
A ROSAT PSPC count rate of 0.01 counts s −1 corresponds to about 5×10 −11 ergs cm −2 s −1 (unabsorbed flux), assuming a 5 keV bremsstrahlung spectrum and a column density of 6×10 22 cm −2 .
Discussion
The application of the maximum-likelihood method to 43 pointings of the GC region performed with the ROSAT PSPC instrument in 1992-1993 has led to a new catalogue of soft X-ray sources. Our catalogue contains 107 detections, down to a count rate of ∼0.001 counts s −1 in the energy range 0.1-2.4 keV.
A correlation with the SIMBAD database resulted in probable identifications based on positional coincidence. The most plausible identifications (objects falling inside the PSPC error circle) are reported in Table 3 . Other candidate counterparts (IRAS sources, for example) whose positions fall outside the PSPC error are also listed, when their large error boxes overlap with the ROSAT error box. For the possible counterparts listed in column (8) we give in parenthesis the distance between the optical and X-ray positions, the spectral type and magnitudes for stars, and other relevant informations as described in the notes to Table 3 .
X-ray binaries
Our discovery of ROSAT counterparts to a few previously known X-ray sources, allows us to significantly improve their positions. This is the case of the recently discovered 729 sec X-ray pulsar AXJ 1740.2-2848 (Sakano & Koyama 2000, later named AX J1740.1-2847 by and of the other two ASCA sources AX J1744.3-2940 (Sakano et al. 1999a ) and AX J1740.3-2904 (Sakano et al. 1999b) .
We also inspected the error boxes of the X-ray binaries indicated in Table 2 , without finding any ROSAT counterparts in our catalogue, within a radius of 1 ′ of their position.
Foreground Stars
A number of ROSAT sources have stellar counterparts in their error circles (see Table 3 ). To test these associations, we computed the log(f X /f opt ) as in Voges et al. (1999) , using a constant conversion factor of 1.48×10 −11 ergs cm −2 cts −1 , appropriate for stellar sources (Fleming et al. 1995) . The derived optical to X-ray flux ratios are displayed in Fig. 6 as a function of the count rate in the total energy band. Stars usually have log(f X /f opt ) values in the range [−6,−1], depending on the spectral type. Therefore, on . Log(f X / f opt ) as a function of the source count rate in the total energy band (0.1-2.4 keV) for the sources identified with stars the basis of the ratio between their X-ray to optical flux, all these sources could indeed be stellar X-ray sources.
From Figs. 4 and 5 it can be seen that the sources tentatively identified with stars have relatively softer (or less absorbed) spectra. 
Supernova Remnants
We searched for the possible association of ROSAT sources with galactic supernova remnants.
The inspection of the Green catalogue of all the SNRs (Green 1998 ) located in the region shows that no ROSAT point sources in our catalogue fall inside the region covered by the following supernova remnants: G0.3+0.0, G0.9+0.1, G1.0-0.1 and G359.1-0.5.
Two ROSAT sources (n 81 and n 71) fall on or nearby the northern part of the radio shell of G359.0-0.9 (23 ′ size). Source n 3 is located at the center of the shell like SNR 359.1+0.9 (11 ′ ×12 ′ size). This source can also be associated with the star HD316072 (see Sect. 4.2). Diffuse X-ray emission has been recently detected with ASCA from the G359.0-0.9 shell and, marginally, from 359.1+0.9 (Sakano et al. 1999 ).
Conclusions
The spatial analysis, using a maximum-likelihood method, applied to public ROSAT PSPC data of the GC region led to the detection of 107 point-like sources, down to a PSPC count rate of 0.001 counts s −1 in the 0.1-2.4 keV energy range.
Using the SIMBAD database, 42 sources have been associated with objects at other wavelengths; 20 are probably stars and 5 have been identified with previously known LMXBs. Other sources have been already classified as Xray objects, but their nature is still uncertain. Two sources in our catalogue could be associated with shells of supernova remnants and one with a molecular cloud or a maser source (n 72).
An error circle of 1 ′ radius centered on the positions of 25 LMXBs known to lie inside the region surveyed with PSPC has been inspected, leading to negative results.
All the sources brighter than 0.060 counts s −1 have been positionally associated with known objects.
The majority of our sources still remains unidentified. They are mostly undetected in the soft and medium PSPC energy ranges, they are quite hard and/or severely absorbed. Their average count rate in the total energy band (0.01 counts s −1 ) translates into a luminosity in the range 10 35 -10 36 erg s −1 (assuming a distance of 8.5 kpc) which is suggestive of mass-transfer from a companion star onto a compact object in a binary system.
We propose that these still unidentified sources belong to a large population of X-ray binaries located in the GC region, accreting at low accretion rates, and still largely unknown. The transient sources recently discovered with Table 3 . The ROSAT PSPC Catalogue. The numbers in parenthesis in the first column refer to the sources detected by Predehl & Trümper (1994) . In column n.5 sources not detected in the total (T) energy band, but only in a partial (S,M or H) band, are labelled with a capital letter. Column n.8 reports the probable identifications based on the cross-correlation with SIMBAD database; in parenthesis we indicate the offset, spectral type, B and V magnitude for stars. The meaning of the other symbols is: Al*=Eclipsing Binary of Algol type; V*=variable star; bL*=Eclipsing Binary of beta Lyr type; *i*= star in double system; Em*=emission line star; IR=infrared source 
